Background-In the last decades, interest has increased in the potential deleterious atherogenic effects of some cellular elastase activities. The results of experimental and clinical investigations were inconsistent. In this report, we assessed the associations of serum elastase activity and serum elastase inhibitors with carotid plaque occurrence during the 4-year follow-up in a population of 859 subjects free of coronary heart disease and stroke (age, 59 to 71 years). Methods and Results-Serum elastase activity and serum elastase inhibitors were measured at baseline examination.
xtracellular matrix components such as elastin and collagen are fundamental structural elements of the arterial wall and may be involved in vascular function, arterial aging, and atherosclerosis. 1 In 1949, elastase (a proteolytic enzyme) was first isolated from the pancreas by Balo and Banga 2 and implicated in atherogenesis. Since elastase has been shown to degrade elastin (elastin is the most resistant fibrous protein of the organisms), 3 interest has increased in the potential effects of elastase activity on atherosclerosis.
The results of experimental animal studies and human studies, conducted in Europe, Canada, and the United States, were inconsistent but tended to support the hypothesis of deleterious atherogenic effects of elastase. 3 Paradoxically, most Japanese studies have shown opposite results and have suggested that elastase may prevent atherosclerosis and arterial wall dysfunction. 4 Many different cell types were shown to produce elastase and elastase-type proteases: polynuclear leukocytes, neutrophils, smooth muscle cells, fibroblasts, blood platelets, and endothelial cells. 3 Although human blood serum is rich in elastase inhibitors (mainly ␣ 1 -proteinase inhibitor and ␣ 2 -macroglobulin), 5 serum also contains elastase-type endopeptidase activity (shortly designated serum elastase activity), which could be ascribed mostly to a metallo-enzyme, insensitive to the circulating ␣ 1 -proteinase inhibitor. 5 Few studies have addressed the relations of total serum elastase activity and total inhibitory capacity with atherosclerosis, and contradictory results have been reported. [5] [6] [7] [8] All these investigations were cross-sectional and included a relatively small number of subjects.
In this report, based on the longitudinal data of the EVA (Etude sur le Vieillissement Artériel) study, we assessed the associations of serum elastase activity and serum elastase inhibitors measured at the first examination and carotid plaque occurrence during the 4-year follow-up in a population of 859 subjects between 59 and 71 years of age.
Methods
Details of the EVA study have been reported previously. 9 The initial study population was composed of 1389 volunteers between 59 and 71 years of age who were recruited from the electoral rolls of the city of Nantes (western France). Subjects were contacted both through the mail and, to a lesser extent, through information campaigns. When a subject was recruited, his or her spouse was systematically asked to participate in the study if he or she was in the required age range. After the baseline visit, which took place between June 1991 and July 1993, subjects were invited to participate in 2-year (meanϮSD, 23.8Ϯ1.0 months; range, 22 to 27) and 4-year (meanϮSD, 47.7Ϯ1.4 months; range, 45 to 53) follow-up examinations. The study protocol was approved by the Comité d'Ethique du Center Hospitalier Universitaire du Kremlin-Bicêtre, and written informed consent was obtained from all participants.
Medical History and Standard Biological Procedures
Medical information, obtained at baseline examination by a standardized questionnaire, included demographic background, medical history, and personal habits such as cigarette consumption and alcohol consumption.
Subjects were classified as a never smoker, former smoker, or current smoker. Two independent measurements of systolic and diastolic blood pressure were made with a digital electronic tensiometer (SP9 Spengler) after a 10-minute rest, and the mean value was used in the analysis. Subjects with systolic blood pressure Ն140 mm Hg, diastolic blood pressure Ն90 mm Hg, and/or subjects who were using antihypertensive drugs were considered to be hypertensives. Measurements methods of standard biochemical parameters are described elsewhere. 10 Hypercholesterolemia was defined as total cholesterol level Ն7.2 mmol/L or use of lipid-lowering drugs. Subjects who had a medical history of diabetes, used antidiabetic drugs, or had a fasting plasma glucose level Ն7.0 mmol/L were considered as diabetics. The body mass index was computed as weight (in kilograms) divided by squared height (in meters).
Serum Elastase Activity and Serum Elastase Inhibitor Measurements
Serum elastase-type activity and serum elastase inhibitors were measured only at baseline. Determination of elastase-type activity was performed in serum samples diluted 1 to 20 in 100 mmol/L Tris buffer containing 0.02% NaN 3 , 0.01% Brij at pH 8.0; 10 UL of the substrate (succinylala3-p-nitroanilide, 125 mmol/L in N-methylpyrrolidone-2) was added, and 200 UL of this mixture was incubated at 37°C for 16 hours. The optical density was read at 410 nm in a Dynatech ELISA plaque reader. The calibration curve was obtained with cryst porcine pancreatic elastase (type IV 100 U/mg, Sigma) between 0.1 and 1.0 U. One unit was defined as the concentration of enzyme hydrolyzing 1 mg elastin in 20 minutes in the above conditions. Results are expressed as units per milliliter of serum. Determinations were carried out in duplicate; every plate carries a standard curve, also in duplicate. The coefficient of variation of serum elastase-type activity measurements was 7%. 11 Other details of the method are described elsewhere. 11, 12 The determination of elastase inhibitor titers has been previously described. 11, 13 Briefly, 10 L of serum samples was pipetted into 5-mL polypropylene centrifuge tubes, and 100 L of pancreatic elastase was added (type IV Sigma, 20 U/mL) with 10 L of an elastin fiber suspension (100 mg/5 mL) kept at constant agitation to ensure a uniform distribution of the fibers during pipetting. The tubes were incubated for 2 hours at 37°C with constant shaking, then centrifuged at 5000 rpm for 10 minutes at 4°C and the radioactivity of the suspenatent measured in a 1209 Rack ␤-counter (Pharmacia). Inhibitory titers were calculated from the ratio of radioactivity released in the absence of serum to activities determined in the presence of serum. All determinations were carried out in duplicate and expressed as percentage inhibition. The coefficient of variation of serum elastase inhibitors measurements was 4%. 11
Ultrasonography
Ultrasound examinations at baseline, 2-year follow-up, and 4-year follow-up were performed with the use of the Aloka SSD-650, with a transducer frequency of 7.5 MHz. Acquisition, processing, and storage of B-mode images were computer-assisted with software specially designed for longitudinal studies (EUREQUA). 14 Details of the protocol have been described elsewhere. 9 At each examination, it involved scanning of the common carotid arteries (CCAs), of the carotid bifurcations, and of the origin (first 2-cm) of the internal carotid arteries. At the time of examination, the intimamedia thickness (IMT) was measured on the far wall of the mid and distal common carotid artery as the distance between the lumenintima interface and the media-adventitia interface, by using an automated edge detection algorithm. Two longitudinal measurements of CCA-IMT (at a site free of any discrete plaque) were completed on both the right and left common carotid arteries. Right CCA-IMT, left CCA-IMT, and mean CCA-IMT (the mean of the four right and left CCA-IMT measurements) were used in the analysis.
Both near and far walls of all arterial segments (ie, common carotid artery or bifurcation origin of the internal carotid artery) were scanned longitudinally and transversally to assess the presence of plaques. The presence of plaques was defined as localized echo structures encroaching into the vessel lumen for which the distance between the media-adventitia interface and the internal side of the lesion was Ն1 mm. When a plaque was present, optimal frozen images (one longitudinal and one transversal view), showing the plaque in its greatest thickness, were selected by the sonographer and stored on an optical disk. When several plaques were present on the same arterial segment, the number of plaques was recorded, and examination was centered on that showing the greatest encroachment into the lumen. In the absence of plaques, no measurement was made in the carotid bifurcations-internal carotid arteries, but optimal frames were selected and stored on the optical disk. For each image stored at baseline or at 2-year follow-up, a mask was constructed. It consisted of recording the anatomic situation of the investigated territory, the type of echographic cut, and the orientation of the anterior lateral or posterior cuts of the ultrasound beam in relation to the neck.
At 2-year examination, the sonographer recalled information from the corresponding optical disk, which had been defined at baseline examination on the right and left segments. The real-time echographic image and the fixed contours recorded during the baseline examination were superimposed on the screen. The sonographer then produced a beam that coincided with the echographic and contour image. At 4-year examination, masks constructed during the 2-year follow-up were recalled. All these procedures were used both for CCA-IMT measurements and plaque detection.
The same four sonographers performed ultrasound examinations at baseline, 2-year follow-up, and 4-year follow-up. For each subject, we attempted to have the 2-year and 4-year follow-up examinations performed by the sonographer who had performed the baseline examination. This was the case for 76% of subjects. Reproducibility of the scanning and reading procedures for both carotid plaques and CCA-IMT have been reported elsewhere. 9 
Data Analysis
The occurrence of carotid plaques during the follow-up (at 2-year examination or/and at 4-year examination) was defined as the occurrence of one plaque (or more) in previously normal segments and/or the occurrence of new plaques in segments that previously had plaques. The distributions of serum elastase activity and serum elastase inhibitors values in the EVA study were described previously. [11] [12] [13] In the current analysis, serum elastase activity and serum elastase inhibitors values were used as continuous as well as categoric variables. They were divided into 3 categories according approximately to the 25th and 75th sex-specific values (quartile 1, quartiles 2 to 3, and quartile 4). For serum elastase activity values, the cutoff points were 0.20 U/mL and 0.48 U/mL for men and 0.19 U/mL and 0.47 U/mL for women. For serum elastase inhibitors, the cutoff points were 42.7% and 58.4% for men and 45.9% and 60.2% for women.
Standard procedures from the Statistical Analysis System (SAS) were used for univariate and multivariate analyses. Associations of the three categories of serum elastase activity and serum elastase inhibitors values with 4-year carotid plaque occurrence and baseline cardiovascular risk factors were assessed by 2 tests and ANOVA. Multivariate-adjusted odds ratios (ORs) and 95% CIs were estimated by means of multiple logistic regression models with plaque occurrence (yes, no) as the dependent variable and categories of serum elastase activity and serum elastase inhibitors values and baseline cardiovascular risk factors as independent variables. Subjects who were examined during the echocardiographic training period (between June and December 1991) were considered to have unreliable initial ultrasound examinations on the basis of interreader reproducibility studies 10 and were systematically excluded from statistical analysis (nϭ235). A further 57 subjects who reported at baseline examination a history of angina, myocardial infarction, or stroke were excluded from the analysis. Of the 1092 remaining subjects, serum elastase activity values and serum elastase inhibitors values were not available for 119 subjects. Of the 973 remaining subjects, 859 (88.3%) had complete data on baseline cardiovascular risk factors and underwent at least one follow-up B-mode ultrasound examination (790 had two follow-up examinations and 69 had only one). At baseline, there were no statistically significant differences between subjects who participated and those who did not participate in the 4-year follow-up survey for serum elastase parameters, cardiovascular risk factors, and ultrasound examination findings.
Results
The mean (ϮSD) values of serum elastase activity and serum elastase inhibitors were, respectively, 0.43Ϯ0.47 U/mL and 51.9Ϯ12.2%. No association was observed between these two parameters (correlation coefficientϭ0.04, Pϭ0.25). The associations of baseline population characteristics with sexspecific categories of serum elastase activity and serum elastase inhibitors are shown in Tables 1 and 2 . Subjects with the highest serum elastase activity values (quartile 4) had higher means of body mass index, glucose, triglycerides, apolipoprotein B, fibrinogen and C-reactive protein, and higher prevalence of diabetes (Table 1 ). In contrast, only plasma fibrinogen and C-reactive protein were significantly and positively related to categories of serum elastase inhibitors ( Table 2 ). The proportion of subjects who had occurrence of carotid atherosclerotic plaques during follow-up was 18.6%. In a recent article, we reported that age, sex, smoking habits, hypertension, hypercholesterolemia, mean CCA-IMT, and presence of carotid plaques at baseline were related to carotid plaque occurrence in this population. 8 The distribution and ORs of carotid plaque occurrence associated with quartiles of serum elastase activity are shown in Table 3 . Age-and sex-adjusted ORs of carotid plaque occurrence were 0.70 (PϽ0.07) in subjects having the intermediate serum elastase activity values (quartiles 2 to 3) and 0.43 (PϽ0.001) in those having the highest serum elastase activity values (quartile 4), compared with those having the lowest values (quartile 1) (P for trendϽ0.002). Multivariate adjustment for major known cardiovascular risk factors did not markedly change these findings (Table 3) . These associations were also consistently observed both in men and in women (Table 3) . Table 4 shows the distribution and ORs of carotid plaque occurrence associated with quartiles of serum elastase inhibitors values. The age-and sex-adjusted ORs for quartile 1 (lowest values), quartiles 2 to 3, and quartile 4 (highest values) of serum elastase inhibitors were, respectively, 1.00, 1.73 (PϽ0.05), and 2.55 (PϽ0.001) (P for trendϽ0.001). The corresponding multivariate ORs were 1.00, 1.98, and 3.18 (PϽ0.001 for trend) ( Table 4 ). Similar patterns of results were observed in men and in women (Table 4) . When analysis was performed in combined categories of serum elastase activity and serum elastase inhibitors, subjects who had both the lowest values of serum elastase activity (quartile 1) and the highest values of serum elastase inhibitors (quartile 4) had an Ϸ6-fold (ORϭ5.99; 95% CI, 1.81 to 19.83) higher risk of carotid plaque occurrence compared *Adjusted for sex (where analyses were performed in combined men and women), age, body mass index, smoking habits, alcohol consumption, systolic blood pressure, serum glucose, serum total cholesterol, serum triglycerides (log-transformed values), plasma fibrinogen (log-transformed values), C-reactive protein (log-transformed values), and baseline CCA-IMT.
with subjects who had both the highest values of serum elastase activity (quartile 4) and the lowest values of serum elastase inhibitors (quartile 1). These results indicate multiplicative effects, and none of the interaction terms was statistically significant.
Four-year longitudinal changes in mean CCA-IMT were computed as the difference between 4-year follow-up and baseline values. Neither serum elastase activity nor serum elastase inhibitors was associated with 4-year change in mean CCA-IMT. The multivariate-adjusted mean of 4-year change in mean CCA-IMT (ϮSEM) was 0.047 mm (Ϯ0.007) in subjects having the lowest serum elastase activity values 
Discussion
Low values of serum elastase activity and high values of serum elastase inhibitors were strongly and independently associated with increased carotid plaque occurrence in this 4-year longitudinal study performed in a large sample of relatively aged subjects. The magnitude of the associations and the consistency of the results are noteworthy, and this is the first investigation that reports the relations between serum elastase parameters and subsequent development of atherosclerosis.
In our study, no association was observed between serum elastase activity and serum elastase inhibitors. The elastasetype activity measured in this study was derived, up to 90%, from metallo-endopeptidases 5 such as MMP-2 and MMP-9. 15 Their specific inhibitors, TIMPs (tissue inhibitors of metalloproteinases), 16 were not measured. The major source of the elastase inhibitors determined in this investigation was ␣ 1 -proteinase inhibitor and, to a lesser extent, ␣ 2 -macroglobulin. 5 ␣ 1 -Proteinase inhibitor has been shown to be an acute phase reactant and might be considered as a marker of inflammation. 17 The relations of serum elastase inhibitors with fibrinogen and C-reactive protein (Table 2) tend to confirm the acute phase reaction nature of serum elastase inhibitors.
Serum elastase activity was also associated with fibrinogen and C-reactive protein and, in addition, with some components of the metabolic syndrome (Table 1 ). All these factors, contrary to the major conventional cardiovascular risk factors, 9 were not related to the occurrence of carotid plaques in our study, in accordance with the longitudinal results reported from the Bruneck Study. 18 Thus, they could not confound the observed associations between serum elastase parameters and plaque occurrence. Nevertheless, the opposite direction of the associations of carotid plaques occurrence with serum elastase activity and serum elastase inhibitors was unexpected and remains difficult to explain.
In the literature, contradictory results have been reported about the associations of serum elastase parameters with atherosclerosis. In a cross-sectional study of 140 male subjects with ischemic vascular disease and 60 control subjects, serum elastase-type activity was found to be significantly lower and inhibitor capacity higher in patients than in control subjects. 6 These results are in accordance with ours. In a case-control study of 40 subjects with occlusive arterial disease of the legs and 40 healthy subjects, serum elastase-type protease activity was higher in patients than in control subjects, but the difference was limited to older subjects. 7 In contrast, elastase levels in the sera of 52 individuals presenting clinical symptoms of atherosclerosis were not different from serum elastase levels in 41 control subjects. 5 Neither the presence nor the severity of coronary atherosclerosis was associated with serum elastase inhibitors (␣ 1 -antitrypsin and ␣ 2 -macroglobulin) in 203 patients admitted for arteriography. 8 The presence of elastase-type activity in the vessel wall has been reported by several investigations. Both aortic smooth muscle cells and fibroblasts from several origins were shown to synthesize elastase activity. 3, 19 Previously, mainly in vitro and experimental animals studies have investigated the association of elastase activity, directly related to the cell content of vascular wall, with the degree of atherosclerosis. The results of theses studies suggest that release of elastase activity, in a porcine aortic organ culture model, was associated with intimal smooth muscle cell proliferation and intimal hyperplasia. 20 In this model, the inhibition of elastase activity with ␣ 1 -proteinase inhibitor markedly repressed the proliferation of neointimal smooth muscle cells. 20 Elastase inhibitors might also prevent the development of coronary artery disease experimentally induced after heart transplantation and intimal hyperplasia after balloon angioplasty in rabbits. 21, 22 Several Japanese studies have been investigated the effects on atherosclerosis of an oral drug containing porcine pancreatic elastase 1. 4 Their results suggest that elastase intake may prevent development of atherosclerosis and arterial stiffness. 4 In experimental animal studies, long-term administration of elastase prevents the fragmentation of elastic fiber in immunized rabbits with elastin peptides, 4 the stiffening of the aortic wall in rabbits who have been fed a high cholesterol diet, 23 the development of atherosclerotic lesions in rats fed an atherogenic diet, 24 and the increase in intima thickness of the aorta of rabbits after balloon catheter injury. 25 In human studies, the aortic pulse-wave velocity in atherosclerotic patients was decreased by the oral administration of elastase for 3 months. 26 Elastase was also effective in maintaining graft patency in femoral-popliteal arterial bypass for arteriosclerosis obliterans. 27 However, it is not known whether or not oral intake of elastase can modify serum elastase activity.
Several limits of our study should be mentioned. The EVA cohort study comprised volunteers who differ from the general population of the same age in several characteristics. Fourteen percent of the EVA participants had achieved 12 years of schooling or more, as compared with 7% of the general population. 28 The proportion of women is similar, but the prevalence of coronary heart diseases was slightly lower. 9 Survival bias also could have occurred in this study performed in an elderly population. Subjects with low values of serum elastase activity and/or high values of serum elastase inhibitors might die at an earlier age or might have clinically manifest cardiovascular diseases. This could partly explain the lack of cross-sectional associations between elastase parameters and carotid plaques. Another explanation of the lack of associations at baseline is that the effects of major potential confounding factors (including age) are likely to be stronger in a cross-sectional than in a longitudinal design. Taking into account the high rate of participation (88%) in the follow-up survey, the potential effects of selection and/or survival biases on the observed longitudinal associations are probably small, even though they could not entirely be ruled out.
A third potential explanation of the lack of cross-sectional associations might be that elastase parameters are markers of biological phenomena acting in a short-term period. Follow-up studies on plaque occurrence might thus be more appropriate to detect these effects than cross-sectional designs in which the presence of plaque resulted from both lifelong phenomena. A last potential explanation might be that elastase parameters play a role only at an older age, whereas cross-sectional levels of atherosclerosis are a result of lifelong exposure to risk factors.
Our ultrasound protocol at baseline and follow-up was highly standardized (see Methods). In addition, acquisition, processing, and storage of B-mode images were computerassisted, with software specially designed for longitudinal studies. Follow-up examinations were performed by the sonographer who had performed the baseline examination for three quarters of the population, and similar patterns of results between elastase parameters and carotid plaques were observed in the remaining quarter (data available from authors). One can argue that in subjects with carotid plaque at baseline, two adjacent plaques at one location may be difficult to be discriminated from one large plaque, and occurrence of a new plaque is difficult to be discriminated from enlargement of an existing plaque. However, the associations between baseline elastase parameters and carotid plaque occurrence were observed both in subjects with carotid plaque at baseline and in those without (data available from authors). In the present study, CCA-IMT change over time was not significantly related to elastase parameters. We used a methodological approach for carotid imaging that clearly differentiates between diffuse intima-media thickening and plaque. We have previously reported that the two types of lesions were interrelated, 9 but some factors could be specifically associated with increased IMT alone or with plaques alone. 29 -31 We do not think that the differential associations of carotid plaques and change in CCA-IMT with elastase parameters could be explained by large measurement errors for IMT. The protocol for IMT at baseline and follow-up was also highly standardized, the results of the reproducibility study was far satisfactory, 9 and change in CCA-IMT in the EVA study was associated with some classic risk factors such as age, body mass index, HDL cholesterol, and systolic blood pressure. 32 In conclusion, our 4-year longitudinal results suggest that low values of serum elastase activity and high values of serum elastase inhibitors predict increased carotid plaque occurrence in the elderly. Further investigations are needed to elucidate the underlying mechanisms of these associations and to determine the predictive values of elastase activity and inhibition on the risk for clinical cardiovascular events. We are presently following up the EVA cohort for cardiovascular morbidity and mortality rates, and we hope to address these issues in the near future.
